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Abstract
The reading strategies in individuals with central scotomas and more than one preferred retinal locus (PRL) were investigated
using a scanning laser ophthalmoscope in order to understand the visual requirements that lead to the need to use more than one
PRL during reading. It was found that: (1) PRL function can be deduced from variation in PRL usage for diﬀerent size and length of
isolated words; (2) each subject used two or more PRL to accomplish the functions of global viewing and discrimination, suggesting
that these are two of the minimum requirements for reading; (3) reading strategies can change depending on the position of words in
visual space; (4) line-changing strategies can revert to horizontal and vertical component movements. These ﬁndings have impli-
cations for improving reading performance through training in patients with central scotomas.
 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
It has previously been observed that patients with a
central scotoma frequently develop, with time and
practice, an eccentric area of ﬁxation (von Noorden &
Mackensen, 1962) commonly referred to as a preferred
retinal locus (PRL) (also described as a ‘‘pseudo-fovea’’
(Cummings, Whittaker, Watson, & Budd, 1985)). In
order to accomplish a visual task, ﬁxation must be di-
rected towards this PRL and objects of interest held on
this retinal area. The patient should also be able to
perform smooth pursuit movements and saccades using
this retinal location as a reference (Schuchard &
Fletcher, 1994; Schuchard, Fletcher, & Maino, 1994).
The PRL is also essential for inspecting the visual sur-
roundings and for accomplishing tasks requiring dis-
crimination of ﬁne detail such as reading. It has
previously been established that some people with cen-
tral scotomas use more than one PRL during reading,
for example, in order to alternately have a global view of
text with one PRL and to discriminate one or two letters
more precisely using another PRL (Duret, Issenhuth, &
Safran, 1999; Safran, Duret, Issenhuth, & Mermoud,
1999).
Reading with the peripheral part of the visual ﬁeld,
the task accomplished by patients with an absolute
central scotoma, is diﬀerent from reading with the fovea
not only because the visual acuity is lower than at the
fovea but also because adaptation of the oculomotor
system is necessary to accurately search for, position
and stabilise text at a non-foveal location (Heinen &
Skavenski, 1992). For these patients, learning to be
aware of and to precisely control their eye movements is
very important for the optimal use of the PRL and for
the possibility of using additional PRL as part of an
eﬃcient reading strategy, as shown in a previous study
(Duret et al., 1999).
The choice of the position for the PRL is still not well
understood as it seems apparent that the selection of a
particular eccentric retinal location does not follow
simple rules. At present, factors understood to have
considerable inﬂuence in that decision include the fol-
lowing: the visual acuity, the size of the immediate visual
ﬁeld, the obstructive aspect of the scotoma, its proximity
of the fovea, as well as the correspondence in bin-
ocular vision and topographical variation in sustained
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attention (Altpeter, Mackeben, & Trauzettel-Klosinski,
2000; Schuchard & Fletcher, 1994).
In previous studies, we reported the well-developed
reading pattern for isolated words in two patients with
bilateral central scotomas (Duret et al., 1999) and for
reading of paragraphed text in one of these patients
(Safran et al., 1999). Their reading strategies were based
on the structured combined use of diﬀerent PRL. For
the patient reported in both studies, these strategies in-
volved the use of three distinct PRL situated respectively
above, to the left, and to the right (on the retina) of the
macular lesion. The superior PRL was used for the
global viewing of words, whereas the left and right PRL
were consistently used to improve letter discrimination
at the beginning and at the end of the word, respectively,
when required. The second patient reported by Duret
et al. (1999) (Patient 2) showed a combined use of two
PRL for reading words, one for global viewing (superior
PRL) and one for discrimination (left PRL).
Here we investigate the characteristics of reading
words and paragraphed text in additional patients with
central scotomas, similar visual acuity loss, central vi-
sual ﬁeld alteration, and multiple PRL. We discussed in
detail the reading strategies of ﬁve patients in order to
identify common principles of PRL use across individ-
uals with multiple PRL during the reading task. Finding
common features between reading strategies of diﬀerent
people with central scotomas is essential for under-
standing the rules governing how the position of PRL
are chosen and the visual requirements for reading
which lead to the need to use more than one PRL during
reading. The aim of this study was to determine whether
the strategies identiﬁed could serve as a guide both for
future investigations and for the design of structured
rehabilitation techniques for such patients.
2. Methods
2.1. Subjects
In all, the reading strategies for words and para-
graphed text in ﬁve patients with central scotomas (three
patients with Stargardts disease: CR, LL, IGH and two
patients with AMD: PM and AA) were studied here.
Data from two of these patients, CR and PM, have
previously been reported (Duret et al., 1999; Safran
et al., 1999) but a full analysis of their reading strategy is
included here for comparison with other examined pa-
tients. All patients gave their informed consent for
procedures and testing methods, all of which had been
accepted by the local ethical committee for human ex-
perimentation. The clinical characteristics of each pa-
tient included in the study are shown in Table 1.
2.2. Instrumentation and analysis procedure
A scanning laser ophthalmoscope (SLO, Rodenstock,
Germany) was used in conjunction with a program de-
veloped in our laboratory for projecting letters, words
or paragraphed texts directly onto the ocular fundus.
Words containing 1, 2, 5, or 10 letters were presented to
each patient in the following eight character sizes: 0.5,
0.6, 0.7, 0.9, 1.1, 1.5, 1.8, 2.25. For the two pa-
tients reported in previous studies, character size varied
from 0.5 to 1.8. Images of the ocular fundus and the
superimposed words, obtained during the reading tasks
were recorded onto a U-matic videotape, at a frequency
of 25 frames/s. Images were digitised and the eye
movements were automatically extracted by comparing
the shift in image position frame by frame. This was
accomplished using software developed in our labora-
tory. The precision of each analysis of eye movement
sequence was manually veriﬁed afterwards. We then
superimposed a picture of the scotoma drawn from the
results of the scotometry test. This enabled us to have
successive ﬁxation positions, presented as ‘‘cartoons’’ of
the ocular movements.
2.3. Examination procedure
The examination procedure included two sessions.
During the ﬁrst session, we mapped the central scotoma
using an SLO scotometry program (Scotometry 3.0,
Rodenstock, Germany). The second session was used to
evaluate the eye movement behaviour during oral
reading of single letters, words, and paragraphed text.
The words were projected in a random order onto the
retina using the SLO. All character sizes in the list of 32
words were presented to each patient, followed by a
Table 1
Clinical characteristics of the ﬁve patients included in the study
Patient Age Scotoma approximate
diameter
Visual acuity Tested eye Cause of vision loss
LL 36 10 0.1 LE Stargardts disease
IGH 40 10 0.2 LE Stargardts disease
CR 47 10 0.08 RE Stargardts disease
AA 91 10 0.2 LE AMD
PM 82 15 0.125 LE AMD
The diameter of the scotoma was estimated in relation to the diameter of the optic disc.
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second list of 20 words with the smallest character size
which had been adapted to the visual acuity and reading
capacity of the patient. Next, a paragraphed text was
projected with letter size decreasing from 2.25 to the
smallest size the patient could read. We then analysed
the videotape, as described above. In order to better
understand PRL function, we also asked the patients,
after the recording session, some precise questions about
their oculomotor behaviour. This was achieved by
training the patients to alternately use their PRL and
then asking them what visual information they gained
by using each PRL.
3. Results
Analysis was aimed at addressing four main points:
the determination of the number of PRL used, the
strategies for reading isolated letters and words, the
strategies for reading text, and the strategies for
changing lines during paragraphed text reading. PRL
were deﬁned as consistently used discrete, non-overlap-
ping retinal areas in which letters and/or words were
positioned for ﬁxation durations greater than 100 ms.
From these points and from the responses of the pa-
tients to our questions, we were able to hypothesise a
function for each PRL.
3.1. Number and location of PRL used
All patients were observed to use multiple PRL dur-
ing isolated word and text reading. Within the stimulus
set, between two and four PRL (inclusive) were used by
each patient. PRL were found in all four cardinal di-
rections (left, right, superior and inferior) from the
centre of the macular lesion (and therefore central sco-
toma) across all patients. The number of PRL and their
positions relative to the retinal lesion for each patient is
illustrated in Fig. 1.
3.2. Strategy for reading isolated words
Overall, the usage of each PRL during isolated letter
and word reading was observed to depend on character
size and word length. The number and location of the
PRL used for reading isolated words corresponded to
the number and location of PRL for reading text in all
patients. Nevertheless, for the reading of an isolated
letter or word, all the PRL were rarely used in combi-
nation. We observed in these instances the use of any
PRL, or any two out of three or four PRL for reading
diﬀerent letters or words. Occasionally we noted the use
of three PRL to read a single word. The analysis of the
reading pattern for the isolated words allowed us to
deﬁne all the PRL that we observed later during para-
graphed text reading.
Included in the total number of PRL used by each
patient were PRL that could provide an uninterrupted
lateral view of words (left to right) and PRL that were
laterally adjacent, left or right, to the retinal lesion (see
Fig. 1). From analysis of the reading pattern of all iso-
lated letters and words, the strategies used could be
Fig. 1. Delineation of the functional lesion, obtained during a sco-
tometry evaluation performed using the SLO. The visual ﬁeld defect
delineated with the Goldman IV size target is shown in black, and
delineated with the Goldmann II size target in grey. The positions of
the PRL are denoted by ellipses. Please note that these pictures are
representations of the retinal image as seen through an SLO and that
the positions of PRL relative to the scotoma in the visual ﬁeld are
vertically inverted.
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classiﬁed into two main groups, each including patients
showing a similar pattern for reading. The ﬁrst group
included three patients, CR, PM and AA, and the sec-
ond group the remaining two patients, LL and IGH
(both with Stargardts disease).
3.2.1. Group 1––PRL used are independent of character
size
The three patients in the ﬁrst group used similar
strategies for reading isolated words, even though their
PRL were not located at corresponding positions and
even though they had considerably diﬀerent scotoma
shapes. Patient CR consistently used his superior PRL
(above the retinal lesion) in combination with either the
right PRL or the left PRL, and less frequently both, in
order to read the full range of letters and words (Duret
et al., 1999). Therefore CRs strategy did not appear to
change systematically according to character size or
word length. Patient PM showed two diﬀerent strategies
depending on the length, in number of letters, of the
stimuli yet not character size. He used the left PRL alone
for short words, and a combination of his two PRL for
long words. Patient AA developed the largest number of
PRL. He also used them diﬀerently for short and long
words. For reading short words he combined the lower
PRL, less frequently the upper PRL, with either the
upper-left or lower-left PRL. For reading longer words
(ﬁve or ten letters), the lower PRL was used almost
exclusively. Occasionally the upper and lower PRL were
used in combination to read an isolated word. An ex-
ample of this strategy is shown in Fig. 2.
3.2.2. Group 2––PRL used changes according to charac-
ter size
The second group used a strategy based on two dif-
ferent levels of vertical eccentricities: the ﬁrst level in-
cluded the superior PRL and the second level the left
and right PRL (see Fig. 1). In this group, long words (5
and 10 letters) that were of large character size (2.25 for
LL; 1.8 and 2.25 for IGH), were read across the sco-
toma (lower level), by combining the left and right PRL,
whereas words that were of small character size (all
word lengths) were placed above the scotoma on the
superior PRL (see Fig. 1). Large short words, of one or
two letters exclusively, were read using either the left, the
right or occasionally the superior PRL (rarely using two
of these PRL in combination). Thus the upper level was
used either for short words of large character size or for
words of small character size. In the latter case, too
many letters (compared to long words of large character
size) would have been hidden by the scotoma for accu-
rate reading if the lower level were used. Indeed, when
asked to describe how they read words of diﬀering
character size, both patients in this group reported that
they looked further up in visual space, positioning
words further below their central scotoma (upper level)
to read small and/or short words of diﬀerent character
sizes. Also, both patients reported that they preferred to
use the lower level to read and reverted to the upper
level if they had diﬃculty using the lower level, princi-
pally because it was ‘‘more tiring’’ (to ﬁxate more
eccentrically) to use the upper level continuously.
Therefore these two patients showed considerable simi-
larities in their pattern of isolated word reading, ﬁrstly
because their PRL were identically located and secondly
because they used them in exactly the same way. An
illustration of the two levels used for this strategy is
shown in Fig. 3.
3.3. Strategy for reading paragraphed texts
Data from only four of the ﬁve patients are reported
here as patient PM was unavailable for the text-reading
part of the study.
Patient CR (Group 1 for isolated letter/word reading)
read most of the text with the right PRL. Only when a
word was rather diﬃcult to read did he switch between
the three PRL for gaining more detailed information, in
order to decipher the word.
Patient AA (Group 1 for isolated letter/word reading)
used a more complex strategy, yet a very eﬃcient one.
Interestingly, his strategy changed as a function of the
vertical position of the text in visual space. For the ﬁrst
three-quarters of the page, he used the lower PRL
coupled with the lower-left PRL. For reading the end of
the paragraphed text, when the lines were placed down
in visual space, patient AA used the superior PRL
coupled, in case of diﬃculties, with the upper-left PRL.
The lower PRL was then the most commonly used one.
We also noted switches between all the PRL for reading
a single word or text but this was quite rare and only in
case of great diﬃculty with a particular word. This
strategy is illustrated in Fig. 4.
Patients IGH and LL (Group 2 for isolated letter/
word reading) showed, as for isolated word reading,
similar text-reading strategies. For the largest character
sizes used (1.8, 2.25 for both LL and IGH) the text was
predominantly (and preferably according to both pa-
tients) read on the lower level using the left and right
PRL. Therefore if the text was large enough and words
long enough, such that only one or two letters fell on the
superior relative scotoma, the line of text was positioned
across the relative scotoma and the process of reading
was accomplished using the left PRL and the right PRL
simultaneously. The upper level (superior PRL) was
used almost exclusively for reading text of smaller
character size (<1.8). If deciphering a word in the
passage of text proved diﬃcult, both patients scanned
the word or an entire line of text several times, either the
same way or using the other level, often alternating
between diﬀerent PRL. An example of the use of the two
levels while reading paragraphed text is shown in Fig. 5.
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3.4. Finding the beginning of the next line
3.4.1. Two diﬀerent line-changing strategies: direct and
multi-step
The last point we examined for understanding the
role of each PRL was the strategy used to ﬁnd the be-
ginning of the next line of text. Even if strategies were
not exactly the same for each patient, it was possible to
group them all into two main categories: direct strategies
and multi-step strategies.
Direct strategies consisted of immediately ﬁnding
the beginning of the next line with one movement (from
the last ﬁxation position on the line of text just read to the
immediately following ﬁxation position at the beginning
of the next line of text) as can be seen in normal reading.
In contrast, multi-step strategies consisted of three
main phases––the return along the line just read, an eye
movement down in visual space relative to the text to
reach the next line (upward shift of the SLO retinal image
relative to the text), or in the reverse order, and then the
Fig. 2. Reading pattern (patient AA) for two words: ‘‘ﬂeur’’ (ﬂower)––0.7 in size (x-height) and ‘‘m’’––1.8 in size––successfully read by the
combined use of two PRL (left column) and then three PRL (right column). The combined use of three PRL for reading a word was relatively rare for
this patient. In the left column, the inferior left PRL and inferior PRL are used and in the right column, the superior left, inferior-left and inferior
PRL are used. Only the most signiﬁcant switches between PRL are shown here. The ﬁrst picture of the reading pattern in each case is the upper
picture. Note that only consecutive changes in ﬁxation position are shown. The time and the corresponding frame-number from the video tape
recording are indicated on each picture. This corresponds to a time period for the pictures shown of 1.5 s for the word ‘‘ﬂeur’’ and 2.4 s for the
word ‘‘m’’.
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placement of one of the patients PRL at the beginning of
the line to continue the reading process (Fig. 6). This
process could be accomplished in two or more steps.
These multi-step strategies thus appeared to represent a
breakdown of what is seen as a single, smooth movement
in normal subjects and patients with a single PRL, into its
horizontal and vertical components.
Patients AA, IGH and LL used either a direct strategy
or a multi-step strategy while CR used a multi-step
strategy exclusively. LL and IGH performed a direct
strategy with either their superior PRL or with their left
PRL. The same appeared for AA who performed this
strategy using the inferior-left PRL or inferior PRL. All
the patients (except PM-not included in this analysis)
used a multi-step strategy for changing lines at some
point, if not exclusively, during paragraphed text reading.
In performing this multi-step strategy CR ﬁrst made a
vertical movement to reach the level of the next line of
text using the superior PRL. For that, the superior PRL
was positioned at the end of the line of text just read and
then placed directly in the same location on the fol-
lowing line. Secondly he used the left PRL to move
backwards along the line of text and to ﬁnd the begin-
ning of the line. Finally he switched from the left to the
right PRL and then he was in a position to continue the
reading process.
Patient AA performed this in four steps: ﬁrst he
moved backwards to the beginning of the line of text just
read with the lower-left PRL. He moved then up with
his superior PRL in order to place this PRL at the be-
ginning of the next line of text to read. The two last steps
consisted in placing the inferior PRL, which was most
commonly used to read a line of text, on the correct
position to continue the reading process. For that, he
ﬁrst switched from superior PRL to lower-left PRL
(passed by upper-left PRL) and next switched from the
lower-left PRL to the inferior PRL.
IGH and LL both accomplished the multi-step strat-
egies in two diﬀerent ways: either they ﬁrst made the
horizontal backward movement (return to the beginning
of the line) with the left PRL followed by the vertical
movement (positioning on the next line of text) with
Fig. 3. Illustration of the two vertical levels used by patient IGH for reading words, ‘‘decouverte’’ (discovery)––1.8 in size et ‘‘discipline’’ (disci-
pline)––0.9 in size. In the left column of pictures, the word is large enough to be read using the left and right PRL combined. The existence of two
distinct, laterally positioned PRL instead of one extending horizontally across the scotoma was conﬁrmed by the analysis of the short words (not
illustrated here, in which the left or right PRL were used independently to read individual words) and from the observations reported by the patients
during questioning. In the right column the word is smaller in character size, which resulted in use of the superior PRL alone. The ﬁrst picture of the
reading pattern in each case is the upper picture. Note that only consecutive changes in ﬁxation position are shown. The time and the corresponding
frame-number from the video tape recording are indicated on each picture. The pictures shown represent a time period of 3.4 s for the word
‘‘decouverte’’ and of 1.8 s for the word ‘‘discipline’’.
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superior PRL or in the reverse order (vertical movement
followed by horizontal movement). Therefore in all cases
line-changing using multi-step strategies involved a verti-
cal movement to the next line of text and a horizontal
movement to return to the beginning of a line of the text.
4. Discussion
4.1. PRL function can be deduced from pattern of PRL
usage
PRL usage was observed to be variable, both between
diﬀerent patients and within the same patient, for iso-
lated letters and words diﬀering in character size and
word length. Indeed, the maximum number of PRL
were not used for each isolated letter/word, and diﬀerent
combinations of PRL were used for the reading of dif-
ferent words. The diﬀerent usage of PRL for diﬀerent
isolated words was observed to be structured (i.e. not
random) according to the characteristics of each word
(character size and word length). The pattern of strate-
gies used for reading words enabled the function of each
PRL to be determined, in terms of spatial resolution or
global viewing. Therefore more than one type of stim-
ulus is necessary to localise and completely understand
the role of each PRL.
For patient CR, as reported in the previous article
(Duret et al., 1999), the left and the right PRL were used
when detailed discrimination was required. The left PRL
was used to read the beginning of words (information in
the left of the visual space) and the right PRL for the
Fig. 4. The strategy used by patient AA for reading a page of the paragraphed text (x-height of 1.1) is illustrated here. Reading strategy in upper
visual space (ﬁrst two lines) and lower visual space (second last line) is represented. The arrow in each picture indicates which PRL is used and which
part of the text is read. The pictures are arranged in columns ordered from top left to bottom right. Note that only consecutive changes in ﬁxation
position are shown. The time and the corresponding frame-number of the video tape recording are indicated on each picture.
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end of words respectively. The superior PRL was used
for obtaining a global view of the word (Duret et al.,
1999). The opposite however was true for patient LL
and patient IGH. In these subjects the right and left
PRL were used for global viewing and the superior PRL
was used for the task of discrimination. Thus PRL
function and usage does not depend solely on the posi-
tion of the PRL in relation to the scotoma. An expla-
nation for the diﬀerent use of these two levels is that the
lower level was used only if the number of letters hidden
by the scotoma, or poorly visualised in the relative
scotoma, was small (two or three letters) such that the
missing letters did not prevent the comprehension of the
word and the correct reading process otherwise the up-
per level was used.
As previously reported (Duret et al., 1999), PM used
his left PRL for detailed discrimination during isolated-
word reading and his superior PRL for global viewing of
words.
Finally, patient AA (four PRL) could be seen to use
basically the same strategy as PM (two PRL), one PRL
for detailed discrimination used in combination with
one PRL for global viewing, but which was replicated.
AA used one pair of PRL for reading the stimuli lower
in visual space (inferior and lower-left PRL) and one
pair for the stimuli in upper visual space (superior and
upper-left PRL). From analysing the pattern of single
word reading, we could deduce that AA had two PRL
for discrimination, the superior-left and the inferior-left
which were rarely used together, and two for global
Fig. 5. The reading strategy of patient LL for the paragraphed text using two vertical levels is summarised here. Only the reading of the ﬁrst three
lines is shown. The arrows denote which vertical level is used and which part of the text was read. Pictures with only one arrow show the use of the
upper level and pictures with two arrows the lower level. Only the most comprehensive pictures are shown. The number of each frame is marked
under each image. The pictures are ordered vertically from top left to bottom right. Note that the pictures only represent reading of the ﬁrst three
lines of text and that only consecutive changes in ﬁxation position are shown. The time and the corresponding frame-number of the video tape
recording are indicated on each picture.
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viewing, the superior and inferior PRL, which were also
rarely used together for the same stimulus. Thus the
combined use of two PRL, in this patient, varied in re-
lation with the position where the stimulus appeared in
visual space (see Fig. 5). This new ﬁnding will be an im-
portant issue in future research and in the evaluation of
reading performance in patients with central scotomas.
4.2. Factors inﬂuencing development of PRL location and
function
Several factors, such as the shape and size of the
scotoma and the topographical variation in both visual
acuity and peripheral attention, might inﬂuence the lo-
cation at which a PRL develops and consequently have
an eﬀect on the reading strategies used in each patient.
Concerning the eﬀect of scotoma shape on reading
strategy, we noted that the three patients with Star-
gardts disease had globally the same shape and size of
scotoma, and consequently they all had their PRL po-
sitioned at approximately the same location relative to
the scotoma. However, the shape of the scotoma did not
enable us to deduce the presumed function of each PRL
as evidenced by the two diﬀerent strategies used by LL,
IGH and CR.
The size of the scotoma might also have an inﬂuence
on the number of PRL. This was evidenced by the fact
that the patient with the largest scotoma (PM) had two
PRL, while the other patients with smaller scotomas had
three or four PRL. However a larger study speciﬁcally
documenting scotoma size and location vs incidence and
location of multiple PRL would be needed to conﬁrm
this. In the cases of patient LL and patient IGH, the
relatively small horizontal extent of the scotoma per-
mitted the combined use of the left and the right PRL
for performing the reading task without missing too
much information. The principle of this strategy was
conﬁrmed by both patients during the training session of
the study in which they were trained to become aware
of, and subsequently explain themselves, the ways in
which they moved their eyes during reading. Finally,
patient AA whose scotoma was relatively small, ap-
proximately rectangular and placed right in the centre of
the retina, showed four diﬀerent PRL, which were not
proportionately spaced around the scotoma. There was
no PRL to the right of the scotoma. This is consistent
with the observations already reported for AMD pa-
tients in general––that the position on the left of the
scotoma in visual space is more often used as a PRL
than the position on the right (Guez, Le Gargasson,
Rigaudiere, & OReagan, 1993; Schuchard & Fletcher,
1994; Schuchard et al., 1994; Suness, Applegate,
Haselwood, & Rubin, 1996; Trauzettel-Klosinski &
Tornow, 1996).
The variation in visual acuity outside the scotoma
seemed to inﬂuence the position and the development of
PRL. To investigate this further, we measured the spa-
tial resolution with the SLO and a tumbling E program
(visumetry 3.0, Rodenstock, Germany), at four loca-
tions adjacent to and around the retinal lesion (superior,
inferior, left and right) in patient IGH. The retinal area
with the best spatial resolution (0.08 decimal acuity) was
above the retinal lesion, which was where the patient
had spontaneously developed a PRL (the superior PRL
Fig. 6. A multi-step strategy for line changing is illustrated here for
patient IGH. 1 and 2: the last word of the previous line is read, 3: the
horizontal movement backwards along the line just read, 4: the vertical
movement to the next line and 5: the reading process continues. Note
that these are consecutive eye movements and that no inference about
which PRL is used during each movement is needed to clearly see the
strategy.
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for IGH in Fig. 1). This area was used for reading the
smallest words in the stimulus set, which therefore in-
dicated that it was used for detailed discrimination
tasks. The retinal areas to the right, left and inferior to
the retinal lesion had the same spatial resolution (0.063
decimal acuity). For this patient there was an apparent
relationship between the function of the PRL and the
level of acuity measured on each PRL.
It is interesting to consider the diﬀerential use of each
PRL by LL and IGH. They both used their superior PRL
for tasks requiring detailed discrimination. It seemed
surprising then, that this most eccentric PRL provided
the best discrimination capacities. As the development of
Stargardts disease is progressive, and the resulting shape
of the scotoma is approximately round, the fovea is
presumably situated very close to the middle of the
scotoma in these patients. However, for IGH and LL, the
more eccentric PRL seemed to give some resolution ad-
vantages, contrary to what one would expect from the
fall-oﬀ of spatial resolution with retinal eccentricity. In-
terestingly, patient LL explained that he himself decided
to use his inferior visual ﬁeld after having heard on TV
that ‘‘it was possible to reach performance in this ﬁeld
corresponding to 30% of normal foveal vision’’. It is
possible that the extra eccentricity used to gain resolu-
tion was an artefact resulting from his desire to use the
inferior visual ﬁeld. However, an almost identical strat-
egy was observed in patient IGH, who did not volun-
tarily attempt to use the inferior visual ﬁeld, suggesting
that the strategy used by LL may not have been an ar-
tefact. However presumably even if patient LL con-
sciously chose to use an inferior area as a PRL, if this
area was not eﬃcient it would have been abandoned.
During the isolated word-reading task, the place
where the word ﬁrst appeared in visual space seemed to
have an inﬂuence on the strategies adopted for reading
it, particularly for patient AA. Indeed, the combined use
of diﬀerent PRL by patient AA depended essentially on
the vertical position in visual space in which the word
appeared. If the word appeared superior to the scotoma,
the superior PRL was preferentially used ﬁrst (otherwise
the inferior PRL was used).
The strategy for reading words appeared also to de-
pend on the size of the word, as particularly illustrated in
patient LL. In this case, the short words of large char-
acter size were read across the scotoma with only the
right or the left PRL while long words of large character
size were read by joining the left and the right PRL.
4.3. Reading with multiple PRL reveals two components
of text processing
Our observations indicate that at least two functions
need to be accomplished for an eﬃcient reading strategy:
the global viewing of words, in which low level text
features are probably extracted (e.g. word length, word
spacing), and character discrimination. In order to ac-
complish these two functions, one or more PRL can be
used. In the strategies reported here, patient PM showed
an eﬃcient strategy based on two PRL, while patient
AA showed the most complex strategy based on the
combined use of four PRL grouped in two pairs, only
one of which was ever observed to be used at a time in a
single segment of text. In this way he used a strategy
analogous to that used by patient PM. Nevertheless
patient AA showed a diﬀerential use of each pair of PRL
depending on the vertical position of the text in the vi-
sual space. One pair was used for text positioned higher
in the visual space and the other for text lower in the
visual space.
4.4. Strategy for changing lines in patients with multiple
PRL reveals horizontal and vertical components
The two line-changing strategies observed in the four
patients included in the paragraphed text-reading sec-
tion of the study have important implications, for both
understanding reading strategies in patients with central
scotomas and multiple PRL, and normal reading. The
direct strategy performed by these patients appeared in
no way diﬀerent from that used by normal subjects
during reading. That is, a direct diagonal movement
using the same PRL made from the end of one line of
text to the beginning of the next. In contrast the multi-
step strategy appears to represent a breakdown of this
diagonal movement into its composite horizontal and
vertical movements. It is interesting to note that during
the multi-step strategy, each patient used their left PRL
(which provided an uninterrupted ﬁeld of view to the
left) and superior PRL (which provided an uninter-
rupted ﬁeld of view below the currently ﬁxated line of
text) during line-changing, which appears to represent
the optimum PRL for each component. This breakdown
into horizontal and vertical components suggests that
the diagonal movement made in normal subjects while
changing lines may be composed of both components
which are performed simultaneously. The clear obser-
vation of these components in central scotoma patients
suggest that either the use of eccentric PRL or the
presence of a central visual ﬁeld defect can prevent these
components being combined into a single movement.
4.5. Implications of deliberate, combined use of multiple
PRL during reading for reading rehabilitation
Based on the reported data, it appears possible to
develop more speciﬁc rehabilitation programs for people
suﬀering from central scotomas, in particular in patients
with AMD. For the most part, these individuals ap-
pear to only develop and use one PRL (Fletcher &
Schuchard, 1997; Guez et al., 1993; Suness et al., 1996;
Trauzettel-Klosinski & Tornow, 1996; Whatham et al.,
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2001), yet have important impairments in the task of
reading. As observed in this study, at least two func-
tional requirements must be met by the visual system for
an eﬃcient reading of paragraphed text: spatial dis-
crimination and global viewing. Considering the results
presented here, we can argue that a contribution to the
reading impairment in some patients with central
scotomas and a single PRL comes from the fact that the
PRL spontaneously developed could represent a com-
promise between the area of highest spatial resolution
and the area with the largest visual span (and perhaps
also the eccentricity relative to the fovea). In contrast,
individuals who had developed at least two PRL chose
the best area according to the precise task that each PRL
should perform. Based on the function and use of
multiple PRL, as observed in these patients, a rehabili-
tation strategy for patients with a single PRL could be to
train them ﬁrst to develop a second PRL with comple-
mentary functions and second to use it in combination
with the existing PRL during reading. In patients with a
single PRL, this PRL and the immediate visual ﬁeld may
be used for both functions (as the foveal and parafoveal
area in normal subjects). Thus, the determination of
the function of spontaneously established PRL, and the
measurement of speciﬁc visual functions around the
scotoma (such as visual acuity, contrast sensitivity and
visual span) may permit the identiﬁcation of locations
for additional PRL which could be used in conjunction
with the spontaneously developed PRL to enable more
eﬃcient reading.
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